Transcriptional control of Shh/Ptc1 signaling in embryonic development.
In vivo profiling of signal-directed gene expression patterns is a major bottleneck in studying developmental biology. A signal molecule initiates its specific gene expression pattern through the activation of certain transcription factor (TF); however, tissue heterogeneity often masks this pattern due to intercellular complexity of other signal transduction pathways. To decipher the synergistic regulation of signal-directed gene expression in the tissue level, we report here a unique transcriptional responsive element (TRE) existing in the 5'-upstream promoter regions (5'-UPR) of the genes responding to the Shh/Ptc1 signal transduction pathway during feather placode development in chicken embryos. By locating the TRE homologue and its interactive TF, we were able to reveal the gene expression pattern of the Shh/Ptc1 signaling. We firstly demonstrated that homology profiling of the 5'-UPR of the genes, Gli1, TGF-beta2 and Msx2, responding to the Shh/Ptc1 signaling showed a more than 70% conserved region. Computer alignment of the consensus sequences in the conserved region revealed a 37-nucleotide TRE sequence, containing two regulatory elements homologous to human and mouse Gli-binding sites. Activation of this newly identified Shh/Ptc1-responsive TRE by active Smo signaling in chicken hepatoepithelial carcinoma cells elicited a strong synergistic expression of the Shh/Ptc1-downstream genes. Based on previous bioinformatics and the present experimental findings, we successfully established an in vivo signaling model for the Shh/Ptc1-directed embryonic feather morphogenesis.